SUMMARY Twenty eight biopsy specimens of the cervix showed positive immunohistochemical staining when treated with an antiserum raised against an internal capsid antigen of human papillomavirus (HPV). Histological examination of adjoining sections from the same blocks showed a much wider range of abnormalities than those already described in association with HPV infection. The picture was usually diagnostic. It rested chiefly on identifying the koilocyte-the cell with the perinuclear halo that carries the viral antigen in its nucleus-but abnormal keratinisation was also a feature. The accompanying epithelial findings ranged from normal to CIN III (cervical intraepithelial neoplasia). The latter was of an unusual but distinct appearance, in which cytoplasmic maturation was preserved to some degree but in which gross nuclear atypia was seen in all layers of the epithelium.
The koilocyte was first described by Koss and Durfee in 1956 ,' and its association with exophytic and flat wart virus infections of the female genital tract was established on cytology by Meisels and Fortin in 19762 and Purola and Savia in 1977,3 with colposcopic and histological confirmation following in 1977. 4 The findings of koilocytosis and certain dyskeratotic changes-for example, keratosis and individual cell keratinisation-are believed by many to be specific for papillomavirus infection of the cervical squamous epithelium. Some of these changes may not be peculiar to human papillomavirus (HPV) infections, however, and may occur in other infections.
The specific identification of papillomavirus antigen in cervical epithelium using immunohistochemical techniques.56 has allowed us to undertake a more objective descriptive study of the morphological changes that are found in epithelium infected with HPV.7 Material and methods @1} }¢itt*¢z>.@ b8#e^; -\ Four degrees of koilocytosis are illustrated: 3b §4; ¢ 7o < b
(1) In extreme degrees of koilocytosis ( Fig. 1 ) the perinuclear halo was so huge that it extended to the >-eo w (-1 9S|\ -s ->it *-edge of the cell and even disrupted the cell boundaries. The nucleus was enlarged and vesicular with otic epithelium with large perinuclear halo some chromatin clumping adjacent to the cell mem1lei. Haematoxylin and eosin x 160.
brane. This degree of koilocytosis was characterised by strongly eosinophillic staining and a relatively poor affinity for haematoxylin. Immunohistochemical techniques showed that HPV was being expressed in large amounts by nuclei in the upper third of the epithelium. This is an appearance more tZi...
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----%F ig. 2 Flat wart with pronounced koilocytosis. Haematoxylin and eosin x 80. 127 group.bmj.com on October 14, 2017 -Published by http://jcp.bmj.com/ Downloaded from commonly seen in exophytic warts, but it is not unknown in flat wart epithelium. (2) The more usual picture of flat wart epithelium is shown in Fig. 2 . The epithelium was acanthotic with prominent dermal papillae. Almost the entire thickness of the epithelium showed koilocytosis, but immunohistochemistry showed the virus only in the superficial layers of the epithelium. (3) In many cases the epithelium was not thickened. There was sometimes appreciable dysplasia, but polarity and maturation were not completely lost and koilocytes were still identifiable. Fig. 3 shows the following features: the nuclei are large, there is a considerable change in the nuclear-cytoplasmic ratio, and the perinuclear halo is thinned; mitoses are numerous and may be seen halfway up the epithelium; binucleate cells, a feature of HPV infection, are common. (4) The smallest degree of koilocytes was seen in epithelium which did not show a sufficient degree of abnormality to qualify for a CIN grading. Koilocytes were scanty. Much of the epithelium in the superficial layers was glycogenised, and there were only a few cells which were koilocytotic. The principal abnormality in this biopsy specimen was the presence of prominent cell borders accompanied by intercellular bridges (Fig. 4) . This is not a specific feature of HPV infected epithelium, but it may be a valuable aid in distinguising between koilocytotic and glycogenised epithelium. In the latter the cell borders tend to be smudged and indistinct. (2) Individual cell keratinisation is a common feature of flat wart lesions. In this study it was seen in 10 of the 28 cases and was present in all layers of the epithelium.
DYSPLASIA
The 28 cases showed a wide range of dysplasia, rang- ing from an almost completely normal epithelium to the CIN III shown in Fig. 5 . Although retaining a semblance of maturation towards the surface, the epithelium in Fig. 5 is very abnormal. Nuclei were large and hyperchromatic, and mitoses were numerous in all layers of the epithelium. The mitoses were often abnormal, taking tripolar and other nondiploid forms. The cells undergoing mitosis were large and often, as in Fig. 6 , had a strikingly pale, glassy cytoplasm. There was a discordance between the architectural arrangement of the epithelium, which retained some polarity, and the nuclear changes, which suggested a more frankly malignant picture.
Discussion
This paper illustrates the great variety of histological appearances that can be seen in cervical squamous epithelium infected with HPV. It emphasises the crucial importance of the koilocyte (the cell which expresses the virus) in making the diagnosis. The morphology of the koilocyte in tissue sections has been discussed before. '2 13 The use of a specific antiserum has enabled us to enlarge the range of cells acceptable as koilocytes. The very least abnormality, such as is seen in Fig. 4 , may be the only indication of HPV infection. It is the picture commonly seen in colposcopic biopsy specimens of the apparently normal cervixes of women who have vulval warts.
The recognition of koilocytes in the extreme superficial layers of CIN III lesions (Fig. 5) A third feature to emerge is the degree of nuclear atypicality which may be associated with HPV infection. This is seen in the large hyperchromatic nuclei, the altered nuclear-cytoplasmic ratio, and the frequent atypical mitoses shown in Fig. 3, 6 , and 7. This form of CIN III is recognised as a specific variant and is described, in a review of nomenclature of cervical intraepithelial neoplasia," as Burghardt' s "large cell undifferentiated keratinising type," in which cytoplasmic maturation is preserved but nuclear abnormalities are present in all layers. More recently,"4 the non-diploid mitoses have been recognised as a specific feature of HPV 16 
